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PHOTOVOLTAIC ELEMENT AND
MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a photovoltaic element
such as a solar cell and to a method of manufacturing the
same. More specifically, the present invention relates to a
photovoltaic element having a heterojunction constituted by
combining a crystal semiconductor and an amorphous
semiconductor, and to a manufacturing method thereof.

2. Description of the Background Art

Recently, solar cells employing crystal silicon such as
single crystal silicon and polycrystalline silicon have been
much studied and practically implemented as photovoltaic
clements. Among these, a solar cell having a heterojunction
constituted by combining amorphous silicon and crystal
silicon has been attracting attention, as the junction can be
formed through a low temperature process of at most 200°
C. and 1t provides high conversion efficiency.

Further, 1t has been known that by inserting a thin intrinsic
amorphous silicon at the heterojunction interface between
the crystal silicon and the amorphous silicon, properties of
the solar cell can be significantly 1improved.

Meanwhile, 1n manufacturing a conventional photovoltaic
clement 1n which amorphous semiconductor and crystal
silicon are combined, different from a photovoltaic element
consisting only of crystal silicon, 1t 1s necessary to form an
amorphous silicon layer or a conductive thin film for form-
ing a junction on the crystal silicon substrate.

Conventionally, when such a film i1s formed on the
substrate, manufacturing method such as plasma CVD,
sputtering or vapor deposition has been utilized.
Accordingly, the amorphous silicon layer or a conductive
thin film extends not only over the surface of the substrate
but also to the side surface or further to the rear surface,
possibly causing short-circuit of the element.

Accordingly, as disclosed, for example, in TAIYO
ENERGY KOGAKU (Solar Energy Engineering), issued by
BAIFUKAN, pp. 221 or in TAIYO ENERGY HENO CHO-
SEN (Challenge to Solar Energy), issued by SEIBUNSHA,
p. 50, film formation has been performed while covering
peripheral portions of the substrate by means of a mask
formed of metal, for example, 1n order to prevent the above
described extension of the film to the side surface or to the
rear surface.

FIG. 8 1s a cross section showing a structure of an
example of a photovoltaic element manufactured through
the conventional method using such as a mask.

Referring to FIG. 8, the photovoltaic element includes, on
a surface of an n type crystal silicon substrate 7, an mtrinsic
amorphous silicon layer 8, a p type amorphous silicon layer
9, a conductive thin film 3 and a collecting electrode 4
formed 1n this order, and on a rear surface of crystal silicon
substrate 7, an intrinsic amorphous silicon layer 8, an n type

amorphous silicon layer 10, a conductive thin film 3 and a
back electrode 5 formed 1n this order.

However, 1n the conventional photovoltaic element
shown m FIG. 8, amorphous silicon layers 9 and 10,
conductive thin film 3 and the like are not formed at the
peripheral portion A of substrate 7. Therefore, this portion A
1s a non-generating portion or a high resistance portion,
which means that it 1s a loss portion. As a result, effective
arca 1s reduced and conversion efficiency 1s low.

Further, as conductive thin film 3 also serves as an anti
reflection film, when there 1s a portion on which conductive
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thin film 3 1s not formed, there 1s a reflection loss, and light
confining property 1s decreased.

Generally, for mass production, the number of steps
employing mask should be as small as possible. In other
words, the conventional manufacturing method using a
mask leads to poor productivity.

SUMMARY OF THE INVENTION

An object of the present mnvention 1s to solve the above
described problems and to provide a photovoltaic element
having improved conversion efficiency and improved light
coniining property and to provide a method of manufactur-
ing the photovoltaic element with high productivity.

According to one aspect of the present invention, a
photovoltaic element 1s provided which includes, on one
main surface of a crystal semiconductor substrate of one
conductivity type, a laminated body of an amorphous semi-
conductor layer of the other conductivity type and a con-
ductive thin film, wherein a trench 1s formed at a peripheral
portion of the laminated body on the main surface of the
substrate by removing at least the laminated body.

Preferably, in the present invention, an intrinsic amor-
phous semiconductor layer 1s provided between the substrate
and the amorphous semiconductor layer.

According to another aspect of the present invention, a
photovoltaic element 1s provided which includes, on one
main surface of a crystal semiconductor substrate of one
conductivity type, an amorphous semiconductor layer of
another conductivity type and a conductive thin film, and on
the other main surface of the substrate, a back electrode,
wherein a trench 1s formed at a peripheral portion of the back
clectrode on the other main surface, by removing the back
electrode.

According to a still further aspect of the present invention,
a photovoltaic element 1s provided which includes, on one
main surface of a crystal semiconductor substrate of one
conductivity type, a laminated body of an amorphous semi-
conductor layer of the same conductivity type and a back
clectrode, wherein a trench i1s formed at the peripheral
portion of the laminated body on the main surface by
removing at least the laminated body.

Preferably, an intrinsic amorphous semiconductor layer 1s
provided between the substrate and the amorphous semi-
conductor layer.

More preferably, in the present invention, a conductive
thin film 1s provided between the amorphous semiconductor
layer and the back electrode.

According to a still further aspect of the present invention,
a photovoltaic element 1s provided which includes, entirely
on one main surface of a crystal semiconductor substrate of
one conductivity type, a conductive thin film and an amor-
phous semiconductor layer forming a heterojunction with
said substrate, wherein side surfaces of the crystal semicon-
ductor substrate are at least partially exposed 1n thickness
direction, and the exposed portion 1s continuous and sur-
rounding outer peripheral side surfaces of the substrate.

According to a still further aspect of the present invention,
a method of manufacturing a photovoltaic element 1s
provided, in which the photovoltaic element 1s obtained by
forming at least an amorphous semiconductor layer to form
a heterojunction entirely on one main surface of a crystal
semiconductor substrate of one conductivity type, wherein a
side surface of the photovoltaic element 1s 1rradiated with
laser so that amorphous semiconductor layer formed on the
side surfaces 1s removed, and at least a portion of the side
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surfaces of the photovoltaic element 1n the thickness direc-
fion 1s exposed continuously to surround the side surfaces.

Preferably, in the present mvention, side surfaces of a
plurality of laminated photovoltaic elements may be 1rradi-
ated with laser.

In the photovoltaic element 1n accordance with the present
invention, a trench i1s formed at a peripheral portion of a
laminated body including an amorphous semiconductor
layer and a conductive thin film formed on a crystal semi-
conductor substrate, by removing the laminated body.

Therefore, leak current caused by excessively extended
conductive thin {ilm or amorphous semiconductor layer can
be prevented, and hence junction short-circuit can be pre-
vented.

Here, the depth of the trench may be deep enough to
remove the intrinsic amorphous semiconductor layer to
expose the crystal semiconductor substrate surface, or 1t may
at least be enough to reach the intrinsic amorphous semi-
conductor layer. Since the intrinsic amorphous semiconduc-
tor layer has high resistance, short-circuit 1s not likely even
when the excessively extended portion 1s not always
removed.

In the present invention, the trench 1s formed by laser
irradiation, for example. When cutting and removal are
performed by laser mrradiation, the cutting width of 100 to
200 um 1s possible. As a result, effective area can be
enlarged, conversion efficiency can be improved and light
coniining property can also be 1improved.

As for the method of removing a film by using laser,
Japanese Patent Laying-Open No. 60-260392 discloses a
method of removing a conductive film, and U.S. Pat. No.
4,824,488 discloses a method of removing an amorphous
semiconductor layer. However, these employ laser for form-
ing connecting region 1n an integrated type solar cell.

By contrast, 1n the present mvention, laser 1s used for
separating junction between front and rear sides of the solar
cell, and provides remarkable effect in improving properties
of the solar cell.

Further, according to the present invention, mask
becomes unnecessary during the steps of manufacturing, and
hence productivity can be improved.

Further, 1n the present invention, the conductive thin film
and the amorphous semiconductor layer formed on the side
surfaces of the crystal semiconductor substrate may be
removed by laser wrradiation. Similarly, since leak current
caused by excessively extended conductive thin film or the
amorphous semiconductor layer 1s eliminated, junction
short-circuit can be prevented.

At this time, since the crystal semiconductor substrate 1s
very thin, a plurality of crystal semiconductor substrates
may be stacked and irradiated with laser, so as to remove the
conductive thin film, the amorphous semiconductor layer
and the like formed on the side surfaces of the substrates.

According to the present invention, since use of a mask
becomes unnecessary during the steps of manufacturing and
it 1s possible to 1rradiate a plurality of crystal semiconductor
substrates with laser at one time, the 1nvention is particularly
ciiective 1n improving productivity.

As described above, according to the present invention, a
photovoltaic element 1s obtained in which light confining
property 1s improved because of the enfire anti reflection
coating of the conductive thin film and of which conversion
eficiency 1s improved as the effective area 1s increased.

Further, according to the method of manufacturing a
photovoltaic element of the present invention, manufactur-
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4

ing without mask becomes possible, and hence productivity
can be significantly improved.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present 1nvention when taken i1n conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are cross sections showing an example
of the photovoltaic element 1n accordance with the present
invention.

FIG. 2 1s a perspective view showing how the trench 1s
formed 1n the photovoltaic element of FIG. 1B.

FIG. 3 15 a cross section showing another example of the
photovoltaic element 1n accordance with the present imven-
tion.

FIG. 4 1s a cross section showing a structure of a still
further example of the photovoltaic element 1n accordance
with the present mvention.

FIG. 5 1s a cross section showing a structure of a still
further example of the photovoltaic element in accordance
with the present mvention.

FIG. 6 1s a cross section showing a structure of a still
further example of the photovoltaic element manufactured
by the present invention.

FIG. 7 1s a perspective view showing a modification of the
fifth embodiment.

FIG. 8 1s a cross section showing a structure of an
example of a conventional photovoltaic element.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
(First Embodiment)

FIGS. 1A and 1B are cross sections showing an example
of the photovoltaic element 1n accordance with the present
invention.

Referring to FIGS. 1A and 1B, a method of manufacturing,
an example of the photovoltaic element 1n accordance with
the present mvention will be described.

First, as a crystal semiconductor substrate, an n type
single crystal silicon substrate 7 having the specific resis-
tance of 0.1 to 10 L2cm, the size of 10 cm square and the
thickness of 200 to 400 um was used, which was placed 1n
a plasma CVD apparatus without any mask, the apparatus
was evacuated and then heated to about 120 to 270° C.
Thereafter, 1n the aforementioned plasma CVD apparatus,
oglow discharge was generated, a silicon compound gas such
as silane was dissolved by the plasma energy, and an
intrinsic amorphous silicon layer 8 having the thickness of
at most 250 A was formed on a first main surface of the n
type single crystal silicon substrate 7. Thereafter, on the
intrinsic amorphous silicon layer 8 thus formed, a p type
amorphous silicon layer 9 which had different conductivity
type from single crystal silicon substrate 7 was formed by
the plasma CVD, similar to intrinsic amorphous silicon layer
8. The aforementioned silicon compound gas with diborane
cgas added was used as the reaction gas.

Thereafter, on a second main surface opposing to the first
main surface of the n type single crystal silicon substrate 7,
an 1ntrinsic amorphous silicon layer 8 was formed, and an n
type amorphous silicon layer 10 excessively doped with n
type 1impurity was formed. The aforementioned silicon com-
pound gas with phosphine gas added was used as n type
reaction gas.
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The conditions for forming the amorphous silicon layer
are as shown 1n Table 1. In Table 1, “p type” represents p
type amorphous semiconductor layer 9, “n type” represents
n type amorphous semiconductor layer 10 and “1 type”
represents intrinsic amorphous semiconductor layer 8. B,H,

and PH; are diluted to 1% by H, gas.

TABLE 1

Conditions for Forming Amorphous Silicon Laver

Discharge
(Gas

Gas Flow Rate (sccm) Substrate

Amorphous
Silicon

B,Hg
(1%)

PH.
(1%)

Temperature

)

120~180
120~180
120~2770

SiH, H,

3~30

0~70

20

p type 5
n type 10
1 type 5

0~100

Thereafter, 1n order to reduce surface resistance of the
photovoltaic element, to prevent reflection, to provide light
coniining effect and to prevent alloying of the amorphous
silicon, on p type amorphous silicon layer 9 and n type
amorphous silicon layer 10 formed on both main surfaces of
n type single crystal silicon substrate 7, a transparent con-

ductive thin film 3 such as ITO (Indium Tin Oxide) film was
formed by sputtering.

Finally, on conductive thin film 3 formed on the first main
surface of n type single crystal silicon substrate 7, a metal
clectrode 4 was formed as a collecting electrode, while a
metal electrode § was formed on the conductive thin film 3
formed on the second main surface as a back electrode, and
thus the process for forming the films for the photovoltaic
clement was completed.

FIG. 1A 1s a cross section showing the state of the
photovoltaic element after the completion of the film form-
INg Process.

Referring to FIG. 1A, 1n the overall process of film
forming described above, a mask 1s not used, unlike the prior
art. Further, the films are formed by plasma CVD and
sputtering. Therefore, 1n this stage, the 1ntrinsic amorphous
silicon layer 8, the p type amorphous silicon layer 9 and the
conductive thin film 3 formed on the first main surface of n
type single crystal silicon substrate 7 are formed extending
to the side surfaces or even to the second main surface of
substrate 7. Meanwhile, the intrinsic amorphous silicon
layer 8, the n type amorphous silicon layer 10 and the
conductive thin film 3 formed on the second main surface of
n type single crystal silicon substrate 7 also extend over the
side surface or even to the first main surface of substrate 7.

Therefore, 1 this state, the photovoltaic element may
suffer from short-circuit and degradation in properties,
because of the excessive extension of the amorphous silicon
layer or the conductive thin film.

Therefore, 1n the first embodiment, 1n order to prevent
short-circuit and degradation of properties, a trench 1 was
formed at the periphery of a laminated body including p type
amorphous silicon layer 9 and conductive thin film 3, on the
first main surface of the n type single crystal silicon substrate
7.

FIG. 1B 1s a cross section showing a structure of an
example of the photovoltaic element with the trench 1
formed 1n this manner.

Referring to FIG. 1B, the depth of trench 1 may be deep
enough to remove 1ntrinsic amorphous semiconductor layer
8 to expose the first main surface of n type single crystal
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Pressure

(Pa)

15~27
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5~277
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silicon substrate 7, or it may be sufficient to reach the
intrinsic amorphous silicon layer 8, removing at least the
laminated body including p type amorphous silicon layer 9
and conductive thin film 3. More specifically, as the con-
ductivity of intrinsic amorphous silicon 1s smaller 1n at least
three orders of magnitude than p type amorphous silicon,

Discharge

Power
(mW/cm?)

25~75
55
25~75

that 1s, 1t has high resistance, the intrinsic amorphous silicon
layer 8 need not be removed by laser 1rradiation.

FIG. 2 1s a perspective view showing how the trench 1s
formed 1n the photovoltaic element of FIG. 1B.

Referring to FIG. 2, in the photovoltaic element, a con-
tinuous trench 1 1s formed at a peripheral portion of the
laminated body formed on the substrate.

As for the conditions of laser irradiation to form such a
trench, the laser beam passes through conductive thin film 3
and p type amorphous silicon layer 9 and reaches the
intrinsic amorphous silicon layer 8 when a laser exceeding
the wavelength of 400 nm such as Ar laser, second harmon-
ics wave of YAG laser or the like 1s used and appropriate
power of 0.1 to 10 Joule/cm® is used. As a result, it becomes
possible to remove conductive thin film 3 and p type
amorphous silicon layer 9. The width of p type amorphous
silicon layer 9 and conductive thin film 3 removed by laser
irradiation under such conditions was about 100 ym to about
1 mm.

Conversion efficiency of the photovoltaic element in
accordance with the first embodiment manufactured 1n this
manner (represented as “present invention” in Table 2) was
measured.

For comparison, the conversion efficiency of a photovol-
taic element manufactured by using the conventional mask
shown 1n FIG. 8 (represented as “prior art” in Table 2) was
also measured.

Table 2 shows the result of measurement.

I

TABLE 2

Conversion Efficiency

18.50%
18.70%

Prior Art
Present Invention

As 1s apparent from Table 2, according to the present
invention, 1t becomes possible to form a film entirely over
the main surface of the single crystal silicon substrate 7.
Therefore, effective area 1s increased, and 1in addition, since
the entire surface has anti reflection coating of the conduc-
tive thin film, the conversion efficiency 1s improved by about
1%.

(Second Embodiment)

FIG. 3 1s a cross section showing a structure of another
example of the photovoltaic element 1n accordance with the
present 1nvention.

Referring to FIG. 3, in the photovoltaic element, an n type

amorphous silicon layer 10 1s formed directly on the second
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main surface of n type single crystal silicon substrate 7,
without providing an intrinsic amorphous silicon layer inter-
posed. Except this point, the structure 1s the same as the first
embodiment shown 1n FIG. 1B, and therefore description
thereof 1s not repeated.

The present invention 1s also applicable to such a photo-
voltaic element in which intrinsic amorphous silicon layer 8
1s formed only on the first main surface of n type single
crystal silicon substrate 7.

Further, the present invention provides similar effects in
an element 1 which back electrode 5 only 1s formed on the
second main surface of single crystal silicon substrate 7.

Further, the 1ntrinsic amorphous silicon layer 8 interposed
between n type single crystal silicon substrate and p type
amorphous silicon layer 9 may be eliminated. In such a case
also, similar effects can be provided by removing the lami-
nated body including p type amorphous silicon layer 9 and
conductive thin film 3 to form a trench 1 exposing n type
single crystal silicon substrate 7.

(Third Embodiment)

FIG. 4 1s a cross section showing a structure of a still
further example of the photovoltaic element 1n accordance
with the present mnvention.

Referring to FIG. 4, 1n the photovoltaic element, a trench
11 1s formed not on the first main surface of the n type single
crystal silicon substrate 7 but on the second main surface.
More specifically, in the third embodiment, trench 11 1is
formed at a peripheral portion of a laminated body including
n type amorphous silicon layer 10 and conductive thin film
3 formed on the second main surface of n type single crystal
silicon substrate 7, by laser irradiation. As for the depth of
trench 11, the trench may be deep enough to remove intrinsic
amorphous semiconductor layer 8 to expose the second main
surface of n type single crystal silicon substrate 7, or to reach
intrinsic amorphous silicon layer 8, removing at least a
laminated body of n type amorphous silicon layer 10 and
conductive thin film 3, as 1n the first embodiment.

Except this point, the structure 1s the same as the first
embodiment, and hence description thereof 1s not repeated.

In the present invention, the trench for preventing short-
circuit may be provided on the side where the back electrode
1s formed of n type single crystal silicon substrate as
described above.

(Fourth Embodiment)

FIG. 5 1s a cross section showing a structure of a still
further example of the photovoltaic element 1n accordance
with the present mnvention.

Referring to FIG. 5, 1n the photovoltaic element, p type
amorphous silicon layer 9 1s formed directly on the first main
surface of n type single crystal silicon substrate 7 without
providing an intrinsic amorphous silicon layer interposed.
Except this point, the structure i1s the same as the third
embodiment shown 1n FIG. 4, and therefore description
thereof 1s not repeated.

The present invention 1s also applicable to such a photo-
voltaic element 1n which 1ntrinsic amorphous silicon layer 8
1s formed only on the second main surface of n type single
crystal silicon substrate 7.

Further, when metal electrode 5 only 1s provided on the
second main surface of substrate 7, a trench exposing the
main surface of the substrate 7 may be provided by remov-
ing the metal electrode 5.

Further, the intrinsic amorphous silicon layer 8 interposed
between n type single crystal silicon substrate 7 and n type
amorphous silicon layer 10 may be eliminated. In this case
also, by providing a trench to expose n type single crystal
silicon substrate 7 removing the laminated body of n type
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amorphous silicon layer 10 and conductive thin film 3,
similar effects can be obtained.
(Fifth Embodiment)

FIG. 6 1s a cross section showing a structure of a still
further example of the photovoltaic element manufactured
by the present invention.

Referring to FIG. 1A, a plurality of photovoltaic elements
which have gone through the process of film formation was
stacked. Thereafter, from a direction orthogonal to the
stacked substrate surfaces, portions outer than the side
surtfaces of the substrate were 1rradiated with laser.

As a result, as shown 1 FIG. 6, mtrinsic amorphous
silicon layer 8, p type amorphous silicon layer 9, n type
amorphous silicon layer 10 and conductive thin film 3
formed on the side surface of n type single crystal silicon
substrate 7 were removed, and photovoltaic elements with
the side surfaces of single crystal substrates 7 exposed were
obtained. In this manner, by removing intrinsic amorphous
silicon layer 8, p type amorphous silicon layer 9, n type
amorphous silicon layer 10 and conductive thin film 3
formed on the side surface of n type single crystal silicon
substrate 7 entirely, the short-circuit of the photovoltaic
clement caused by excessive extension of these films and
degradation of properties can be effectively prevented.

The above described process may be performed on the
photovoltaic elements one by one. However, according to
the method of the fifth embodiment, a plurality of substrates
can be processed by laser irradiation at one time, and hence
productivity can be improved.

Further, in the photovoltaic element 1in accordance with
the fifth embodiment, there 1s not a portion A where films are
not formed on the substrate, unlike the prior art example
shown 1 FIG. 8, and films are formed entirely over the
substrate. Therefore, the photovoltaic element has superior
conversion efficiency and high light confining property.

FIG. 7 1s a perspective view showing a modification of the
fifth embodiment.

Referring to FIG. 7, 1n the photovoltaic element, the side
surfaces of n type single crystal silicon substrate 7 are at
least partially exposed 1n the thickness direction by a trench
1 formed continuously, surrounding the side surfaces.

In this manner, according to the present invention, 1t 1s not
necessary to expose the side surfaces of the substrate
entirely as 1n the fifth embodiment shown m FIG. 6. By
exposing at least a portion of the side surfaces of the
substrate 1n the thickness direction continuously, surround-
ing the side surfaces, the short-circuit of the photovoltaic
clements caused by excessive extension of the films can be
ciiectively prevented.

Although the present invention has been described and
illustrated 1n detail, it 1s clearly understood that the same 1s
by way of 1llustration and example only and 1s not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What 1s claimed 1s:

1. A photovoltaic element comprising:

a crystal semiconductor substrate of one conductivity
type;
a laminated body of an amorphous semiconductor layer of

another conductivity type on one main surface of said
substrate;

a conductive thin film; and

an 1ntrinsic amorphous semiconductor layer provided
between said substrate and said amorphous semicon-
ductor layer,

wherein a trench 1s formed at a peripheral portion of said
laminated body on the one main surface of said sub-
strate by removing at least the laminated body.
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2. A photovoltaic element comprising:

a crystal semiconductor substrate of one conductivity
type;

an amorphous semiconductor layer of another conductiv-
ity type and on one main surface of said substrate;

a conductive thin film;

an 1ntrinsic amorphous semiconductor layer provided
between said substrate and said amorphous semicon-
ductor layer; and

a back electrode 1s provided on the other main surface of
said substrate,

wherein a trench 1s formed at a peripheral portion of said
back electrode on said the other main surface by
removing said back electrode.

3. A photovoltaic element comprising:

a crystal semiconductor substrate of one conductivity
type;

a laminated body of an amorphous semiconductor layer of
the same conductivity type on said substrate;

a back electrode arranged on said laminated body; and

an 1ntrinsic amorphous semiconductor layer 1s provided
between said substrate and said amorphous semicon-
ductor layer,

wherein a trench 1s formed at a peripheral portion of said
laminated body on the one main surface of said sub-
strate by removing at least the laminated body.

4. The photovoltaic element according to claim 3, wherein

a conductive thin film 1s provided between said amor-
phous semiconductor layer and the back electrode.
5. The photovoltaic element according to claim 3, wherein

a conductive thin film 1s provided between said amor-
phous semiconductor layer and the back electrode.
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6. A photovoltaic element comprising;:

a crystal semiconductor substrate of one conductivity
type;
an amorphous semiconductor layer covering entirely over

one main surface of said substrate and forming a
heterojunction with said substrate;

a conductive thin film on said amorphous semiconductor
layer; and
an 1ntrinsic amorphous semiconductor layer provided

between said substrate and said amorphous semicon-
ductor layer,

wherein side surfaces of said crystal semiconductor sub-
strate are at least partially exposed in thickness
direction, and the exposed portion 1s continuous around
outer peripheral side surfaces of said substrate.

7. A method of manufacturing a photovoltaic element
obtained by forming at least an intrinsic amorphous semi-
conductor layer and an amorphous semiconductor layer to
form a heterojunction, entirely over one main surface of a
crystal semiconductor substrate of one conductivity type,
said method comprising the step of:

irradiating side surfaces of said photovoltaic element with
laser to remove an amorphous semiconductor layer
formed on the side surfaces and exposing at least
partially the side surfaces of said photovoltaic element
1n 1ts thickness direction to surround the side surfaces.

8. The method of manufacturing a photovoltaic element
according to claim 7, wherein

side surfaces of a plurality of stacked said photovoltaic
clements are 1rradiated with laser.
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